he value of lowering low-density lipoprotein (LDL) cholesterol levels in preventing major cardiovascular events and stroke has been well documented. Recent studies have raised the issue of optimal treatment targets for patients with coronary heart disease (CHD). [1] [2] [3] [4] The value of reducing LDL cholesterol levels substantially below 100 mg per deciliter (2.6 mmol per liter) in patients with CHD, particularly those with stable nonacute disease, has not been clearly demonstrated.
The Third Report of the National Cholesterol Education Program (NCEP) Adult Treatment Panel 5 and the most recent guidelines of the Third Joint Task Force of European and Other Societies on Cardiovascular Disease Prevention in Clinical Practice 6 have recommended an LDL cholesterol level of less than 100 mg per deciliter as the goal of therapy for patients at high risk for CHD. On the basis of data from the Heart Protection Study (HPS) 1 and the Pravastatin or Atorvastatin Evaluation and Infection Trial (PROVE IT), 2 the NCEP in conjunction with the American Heart Association and the American College of Cardiology subsequently introduced a more aggressive, but optional, LDL cholesterol goal of less than 70 mg per deciliter (1.8 mmol per liter) for patients at very high risk for CHD, even if baseline LDL cholesterol levels were below 100 mg per deciliter. 7 However, PROVE IT was conducted in a population of patients with acute coronary syndromes who were at very high risk for cardiovascular disease, and although many patients in the HPS who began with an LDL cholesterol level of less than 100 mg per deciliter benefited from statin therapy, this benefit was in comparison with placebo. Thus, there is no definitive evidence that intensive statin therapy, with a goal of reducing LDL cholesterol levels to approximately 70 mg per deciliter, is associated with better outcomes than moderate statin therapy, with a goal of reducing LDL cholesterol levels to about 100 mg per deciliter in patients with stable CHD. Data from the Treating to New Targets (TNT) Study make it possible to test this hypothesis.
The design of the TNT Study has been described in detail previously. 8 All patients gave written informed consent, and the study was approved by the local research ethics committee or institutional review board at each center.
primary hypothesis
The primary hypothesis of the study was that reducing LDL cholesterol levels to well below 100 mg per deciliter in patients with stable CHD and slightly elevated LDL cholesterol levels (despite previous therapy with low-dose atorvastatin) could yield an incremental clinical benefit. This hypothesis was tested in a double-blind, parallel-group design. The occurrence of major cardiovascular outcomes was compared in two groups of patients: one group received 10 mg of atorvastatin daily with the goal of an average LDL cholesterol level of 100 mg per deciliter, and the other group received 80 mg of atorvastatin daily with the goal of an average LDL cholesterol level of 75 mg per deciliter (1.9 mmol per liter).
patient population
Eligible patients were men and women 35 to 75 years of age who had clinically evident CHD, defined by one or more of the following: previous myocardial infarction, previous or current angina with objective evidence of atherosclerotic CHD, and a history of coronary revascularization. The exclusion criteria have been described in detail previously. 8 Randomization occurred between July 1998 and December 1999.
study protocol
Any previously prescribed lipid-regulating drugs were discontinued at screening, and all patients completed a washout period of one to eight weeks. To ensure that, at baseline, all patients had LDL cholesterol levels consistent with then-current guidelines for the treatment of stable CHD, patients with LDL cholesterol levels between 130 and 250 mg per deciliter (3.4 and 6.5 mmol per liter, respectively) and triglyceride levels of 600 mg per deciliter (6.8 mmol per liter) or less entered an eight-week run-in period of open-label treatment with 10 mg of atorvastatin per day. At the end of the run-in phase (week 0), patients with a mean LDL cholesterol level of less than 130 mg per deciliter (3.4 mmol per liter) (determined four weeks and two weeks before randomization) were randomly assigned to double-blind therapy with either 10 mg or 80 mg of atorvastatin per day. During the double-blind period, follow-up visits occurred at week 12 and at months 6, 9, and 12 in the first year and every 6 months thereafter.
efficacy outcomes
The primary efficacy outcome was the occurrence of a major cardiovascular event, defined as death from CHD, nonfatal non-procedure-related myocardial infarction, resuscitation after cardiac arrest, or fatal or nonfatal stroke. Secondary outcomes included a major coronary event (defined as death from CHD, nonfatal non-procedure-related myocardial infarction, or resuscitation after cardiac arrest), a cerebrovascular event, hospitalization for congestive heart failure, peripheral-artery disease, death from any cause, any cardiovascular event, and any coronary event.
statistical analysis
Epidemiologic data suggested that the treatmentrelated difference in LDL cholesterol levels between the two groups would translate into 20 to 30 percent fewer recurrent coronary events at five years in the group given 80 mg of atorvastatin than in the group given 10 mg of atorvastatin. The study's original target enrollment was approximately 8600 patients on the basis of a projected number of 750 major coronary events during an average follow-up of 5.5 years. However, the recruitment rate was higher than expected, and 10,003 patients underwent randomization, all but 2 of whom received the study drug.
In February 2003, the steering committee added stroke (fatal or nonfatal) to the primary efficacy outcome. This change was made before any data were reviewed and preceded the first interim analysis by the independent data and safety monitoring board. At the time, evidence was accumulating of the beneficial role of statins in reducing the risk of stroke. The change in the primary end point was made to clarify this role. This modification led to an increase in the projected number of primary events to 950 (750 coronary events plus 200 strokes) during the trial, providing the study with a statistical power of 85 percent to detect an absolute reduction of 17 percent in the five-year cumulative rate of the primary efficacy outcome in the group given 80 mg of atorvastatin, as compared with the group given 10 mg of atorvastatin, with the use of a two-sided test at an alpha level of 0.05.
All analyses were performed on an intentionto-treat basis. All randomized patients who were dispensed one dose of the study drug were included in the analyses. The primary and secondary composite end points were analyzed from the time of the first dose of study drug to the first event, according to the Kaplan-Meier method. The study had a statistical power of only 40 percent to detect a 10 percent reduction in the risk of death from any cause with the use of a two-sided test at an alpha level of 0.05.
Two interim efficacy analyses were performed and were based on a two-sided Peto type of monitoring boundary. For the final primary analysis, an adjusted P value of 0.049 was considered to indicate statistical significance, given a type I error rate of 0.05. For all secondary outcomes, a P value of 0.05 was considered to indicate statistical significance, and all tests were two-sided.
The sponsor initiated the study. The steering committee developed the protocol in collaboration with the sponsor and took responsibility for the final version. ICON Clinical Research (North Wales, Pennsylvania) managed all data. ICON and Pfizer provided site monitoring throughout the study. An independent end-points committee adjudicated all potential end points in a blinded fashion. An independent data and safety monitoring board with its independent statistical-support group from the University of Wisconsin performed interim monitoring and analyses of efficacy, safety, and data quality. The data were analyzed by the sponsor according to the statistical-analysis plan approved by the steering committee. The steering committee had unrestricted, request-based access to the study data, which were retained by the sponsor, and wrote the article without constraints from the sponsor. The steering committee assumes overall responsibility for the integrity of the data, for the accuracy of the data analyses, and for the completeness of the material reported. The data reported were those available to the steering committee as of January 29, 2005.
patient population
A total of 18,469 patients were screened at 256 sites in 14 countries (Fig. 1 ). Of these, 15,464 patients (83.7 percent) were deemed eligible to enter the open-label run-in period. A further 5461 patients were excluded after the open-label run-in phase. Most of these excluded patients (4634, or 84.9 percent) did not meet randomization criteria. Other reasons included adverse events in 197 (3.6 percent), death or an ischemic event in 211 (3.9 percent), and lack of compliance in 70 (1.3 percent). To convert value for cholesterol to millimoles per liter, multiply by 0.02586; to convert value for triglycerides to millimoles per liter, multiply by 0.0113. AST denotes aspartate aminotransferase, ALT alanine aminotransferase, and ULN upper limit of the normal range. A total of 10,001 patients underwent randomization and received double-blind treatment with either 10 mg or 80 mg of atorvastatin. The time of randomization was taken as the baseline for the study. Patients were followed for a median of 4.9 years.
The two groups were well matched at baseline (Table 1) , and the pattern of use of concomitant medications was similar in the two groups. Blood pressure was controlled for the duration of the study in both groups.
change in laboratory values
During the open-label period, the LDL cholesterol level was reduced by 35 percent in the overall patient population, from a mean of 152 mg per deciliter (3.9 mmol per liter) to a mean of 98 mg per deciliter (2.6 mmol per liter). Figure 2 summarizes post-randomization lipid values in the two groups. Mean LDL cholesterol levels during the study were 77 mg per deciliter (2.0 mmol per liter) among patients receiving 80 mg of atorvastatin and 101 mg per deciliter (2.6 mmol per liter) among those receiving 10 mg of atorvastatin ( Fig. 2A) .
Total cholesterol levels ( Fig. 2B ) and triglyceride levels (Fig. 2C ) decreased significantly from baseline to week 12 in the group given 80 mg of atorvastatin (P<0.001 for both comparisons), and the levels remained stable during the treatment period. Both doses of atorvastatin produced nonsig-* Plus-minus values are means ±SD.
† Race was self-designated. ‡ Body-mass index is the weight in kilograms divided by the square of the height in meters. § To convert values for cholesterol to millimoles per liter, multiply by 0.02586; to convert values for triglycerides to millimoles per liter, multiply by 0.0113. LDL denotes low-density lipoprotein, and HDL high-density lipoprotein. nificant increases over baseline in high-density lipoprotein (HDL) cholesterol levels, with no significant difference between the groups during the course of the study (Fig. 2D ).
efficacy outcomes
A total of 434 patients in the group given 80 mg of atorvastatin and 548 patients in the group given 10 mg of atorvastatin had a primary event during the study, representing an event rate of 8.7 percent and 10.9 percent, respectively. This rate was equivalent to an absolute reduction of 2.2 percent in the group given 80 mg of atorvastatin. As compared with the group given 10 mg of atorvastatin, the group given 80 mg had a 22 percent relative reduction in the primary composite efficacy outcome of death from CHD, nonfatal non-procedure-related myocardial infarction, resuscitation after cardiac arrest, or fatal or nonfatal stroke (hazard ratio, 0.78; 95 percent confidence interval, 0.69 to 0.89; P<0.001) (Fig. 3 ). There were 545 major cardiovascular events (as a first or subsequent event) in the group given 80 mg of atorvastatin and 715 events in the group given 10 mg of atorvastatin (Table 2 shows only first events).
Outcomes for individual components of the primary end point are shown in Table 2 . Relative reductions in the risk of death from CHD, nonfatal non-procedure-related myocardial infarction, and fatal or nonfatal stroke with treatment with 80 mg of atorvastatin, as compared with 10 mg of atorvastatin, were all consistent with the reduction observed for the primary composite outcome. There was no statistical interaction for age or sex in the primary outcome measure.
As compared with patients given 10 mg of atorvastatin, patients given 80 mg of atorvastatin also had significant reductions in the risk of a major coronary event (hazard ratio, 0.80; 95 percent confidence interval, 0.69 to 0.92; P=0.002), any coronary event (hazard ratio, 0.79; 95 percent confidence interval, 0.73 to 0.86; P<0.001), a cerebrovascular event (hazard ratio, 0.77; 95 percent confidence interval, 0.64 to 0.93; P=0.007), hospitalization with a primary diagnosis of congestive heart failure (hazard ratio, 0.74; 95 percent confidence interval, 0.59 to 0.94; P=0.01), and any cardiovascular event (hazard ratio, 0.81; 95 percent confidence interval, 0.75 to 0.87; P<0.001) ( Table 2 ). The effect of 80 mg of atorvastatin on the risk of peripheralartery disease did not differ significantly from that of 10 mg of atorvastatin (hazard ratio, 0.97; 95 percent confidence interval, 0.83 to 1.15; P=0.76). The risk of death from any cause also did not differ significantly between the two drug regimens (hazard ratio, 1.01; 95 percent confidence interval, 0.85 to 1.19; P=0.92). There were 155 deaths from cardiovascular causes in the group given 10 mg of atorvastatin (3.1 percent) and 126 in the group given 80 mg of atorvastatin (2.5 percent; hazard ratio, 0.80; 95 percent confidence interval, 0.64 to 1.08; P=0.08). There were 127 deaths from noncardiovascular causes in the group given 10 mg of atorvastatin (2.5 percent) and 158 in the group given 80 mg of atorvastatin (3.2 percent; hazard ratio, 1.25; 95 percent confidence interval, 0.99 to 1.57; P=0.06).
Cancer accounted for more than half the deaths from noncardiovascular causes in both groups -75 in the group given 10 mg of atorvastatin (1.5 percent) and 85 in the group given 80 mg of atorvastatin (1.7 percent; hazard ratio, 1.13; 95 percent confidence interval, 0.83 to 1.55; P=0.42) -and there were 43 deaths (0.9 percent) and 58 deaths (1.2 percent), respectively, from nontraumatic causes other than cancer (hazard ratio, 1.35; 95 percent confidence interval, 0.91 to 2.00; P=0.13). There were 16 hemorrhagic strokes in the group given 80 mg of atorvastatin and 17 in the group given 10 mg of atorvastatin. Deaths from hemorrhagic stroke or trauma (including accidental death, suicide, and homicide) were infrequent, and the rates did not differ significantly between the two groups.
No significant increase in adverse events of any type was identified among patients who had very The primary end point was a first major cardiovascular event, and a first major coronary event was defined as death from CHD, nonfatal non-procedure-related MI, or resuscitation after cardiac arrest. HR denotes hazard ratio for the group given 80 mg of atorvastatin (ATV) as compared with the group given 10 mg of ATV. The new england journal of medicine low levels of LDL cholesterol (less than 70 mg per deciliter [1.8 mmol per liter]), as compared with those with higher levels.
safety
Adverse events related to treatment occurred in 406 patients in the group given 80 mg of atorvastatin, as compared with 289 patients in the group given 10 mg of atorvastatin (8.1 percent vs. 5.8 percent, P<0.001). The respective rates of discontinuation due to treatment-related adverse events were 7.2 percent and 5.3 percent (P<0.001). Treatment-related myalgia was reported by 241 patients in the group given 80 mg of atorvastatin and by 234 patients in the group given 10 mg of atorvastatin (4.8 percent and 4.7 percent, respectively; P=0.72). A total of 60 patients receiving 80 mg of atorvastatin had a persistent elevation in alanine aminotransferase, aspartate aminotransferase, or both (defined as two consecutive measurements obtained 4 to 10 days apart that were more than three times the upper limit of the normal range), as compared with 9 patients receiving 10 mg of atorvastatin (1.2 percent vs. 0.2 percent, P<0.001). There were no persistent elevations in creatine kinase (defined as two consecutive measurements obtained 4 to 10 days apart that were more than 10 times the upper limit of the normal range). Five cases of rhabdomyolysis were reported (two in the group given 80 mg of atorvastatin and three in the group given 10 mg of atorvastatin); relevant clinical information about these cases is presented in Table 3 .
This trial provides evidence that the use of intensive atorvastatin therapy to reduce LDL cholesterol levels below 100 mg per deciliter is associated with substantial clinical benefit in patients with stable CHD. Both atorvastatin groups had low rates of CHD events. The rate in the group given 10 mg of atorvastatin was lower than rates reported with discussion * In each row, only the first event for each patient is counted. CI denotes confidence interval. † This was the original primary outcome (death from CHD, nonfatal non-procedure-related myocardial infarction, or resuscitation after cardiac arrest). ‡ A cerebrovascular event was defined as fatal or nonfatal stroke or transient ischemic attack. § Peripheral-artery disease was defined as any new diagnosis of peripheral-artery disease, any admission related to its treatment, or any incidental discovery of plaques or stenosis. ¶ Any coronary event was defined as a major coronary event, revascularization procedure, procedure-related myocardial infarction, or documented angina. statin treatment in placebo-controlled, secondaryprevention trials of populations with a baseline risk similar to that of our patients. 1, 10, 11 The relative reduction in the risk of the primary composite end point of death from CHD, nonfatal non-procedure-related myocardial infarction, resuscitation after cardiac arrest, and fatal or nonfatal stroke was 22 percent in the group given 80 mg of atorvastatin, as compared with the group given 10 mg of atorvastatin. Our findings indicate that the quantitative relationship between reduced LDL cholesterol levels and reduced CHD risk demonstrated in prior secondary-prevention trials of statins holds true even at very low levels of LDL cholesterol (Fig. 4) . If these results were extrapolated to clinical practice, the use of an 80-mg dose of atorvastatin to reduce LDL cholesterol levels from a baseline of 101 mg per deciliter to 77 mg per deciliter in 1000 patients with stable CHD would prevent 34 major cardiovascular events over a period of five years; in other words, approximately 30 patients would need to be treated to prevent one event.
Evaluation of individual components of the primary and secondary end points shows that treatment with 80 mg of atorvastatin had a consistent and significant beneficial effect on most measures of CHD-related morbidity and mortality. The clinical benefit of reducing LDL cholesterol levels substantially below 100 mg per deciliter extended beyond the CHD-related vasculature. As compared with the 10-mg dose of atorvastatin, intensive therapy with high-dose atorvastatin reduced the risk of cerebrovascular events by 23 percent. There was no significant difference between groups in the numbers of hemorrhagic strokes as a first event.
The study was not adequately powered to detect changes in the risk of death from any cause. There were no significant differences between the two atorvastatin groups in the risk of death from cardiovascular or noncardiovascular causes. The rates of death from coronary causes in both groups were very low as compared with those in previous secondary-prevention trials of statins, accounting for only about one third of all deaths. As a consequence, the 20 percent reduction in the risk of death from CHD in the group given 80 mg of atorvastatin as compared with the group given 10 mg of atorvastatin was not large enough to have a significant effect on the risk of death from any cause.
In both groups, cancer (mainly lung and gastrointestinal) was the leading noncardiovascular cause of death; other causes included respiratory diseases, infection, degenerative diseases, and metabolic abnormalities. Although for most of these noncardiovascular causes, the number of deaths was slightly higher in the group given 80 mg of atorvastatin than in the group given 10 mg of atorva-* The criteria of the American College of Cardiology, American Heart Association, and National Heart, Lung, and Blood Institute for rhabdomyolysis are muscle symptoms plus a creatine kinase level that is more than 10 times the upper limit of the normal range (>10¬ULN) plus an elevation in creatinine or urinary abnormalities (e.g., myoglobinuria). 9 Cases were identified by the investigator with direct responsibility for the patient; none of the cases were believed to be related to the study drug. MI denotes myocardial infarction. statin, no single cause (according to body system or pathologic process) and no single type of cancer accounted for the nonsignificant difference in deaths from any cause between the groups. The findings regarding drug safety are consistent with the adverse-event profiles of these two doses of atorvastatin reported in other large-scale trials of atorvastatin. 2, 3 The exclusion of 131 patients because of abnormal liver-function tests or myalgia during the run-in phase is unlikely to account for the low incidence of persistent elevations in liver aminotransferase levels and the low rate of muscle-related adverse events during the study.
In summary, our findings demonstrate that the use of an 80-mg dose of atorvastatin to reduce LDL cholesterol levels to 77 mg per deciliter provides additional clinical benefit in patients with stable CHD that is perceived to be well controlled at an LDL level of approximately 100 mg per deciliter. These data confirm and extend the growing body of evidence indicating that lowering LDL cholesterol levels well below currently recommended levels can have clinical benefit. HPS denotes Heart Protection Study, 1 CARE Cholesterol and Recurrent Events Trial, 10 LIPID Long-term Intervention with Pravastatin in Ischaemic Disease, 11 and 4S Scandinavian Simvastatin Survival Study. 12 Event rates for HPS, CARE, and LIPID are for death from CHD and nonfatal myocardial infarction. Event rates for 4S and the TNT Study also include resuscitation after cardiac arrest. To convert values for LDL cholesterol to millimoles per liter, multiply by 0.02586. 
